Introduction
The volcanic activity of Mt Etna, during the last five years has been characterized by several eruptive events occurred at the base of the South East summit crater [Neri et al., 2008a] . These events, generally, started as passive flank effusions which lasted some hours, except the 2006 eruption, and were accompanied only by a constant increasing in the volcanic tremor amplitude, while no evident geophysical parameter changes, such as seismicity and ground deformation related to dike intrusion and fissure opening, were observed [Bonforte et al., 2008] . The main release of seismic energy occurred up to 10:00 GMT when the tremor amplitude drastically decreased but returned to normal background levels only on 14 th May [Patanè, 2008] . This fissure fed a flank eruption involving sustained strombolian activity, and lava emission [Neri, 2008b; 2008c] . At the time of writing the lava flow is still active.
Remarkable changes in the local magnetic field were observed on 13 th May, in coincidence with the seismic swarm onset. In agreement with other available geophysical data, magnetic observations constrain the emplacement of a dike and its northward propagation, suggesting a possible evolution of the ongoing activity, which would have involved the reactivation of the North-East Rift. Below, we examine the magnetic data which gave hints about the spatio-temporal evolution of the magmatic intrusion on the northern flank. On the basis of the past activity, this scenario alerted the scientific community for the volcanic and seismic hazard related to the northern flank of the volcano [Andronico and Lodato, 2005] .
Magnetic observations during May 2008
The permanent magnetic network of Etna set up in 1998 with the northward seismic swarm propagation. The total magnetic field undergoes an irreversible change. In Figure 2 the 10-minute means of total intensity variations on [Patanè, 2008] . Then, a decrease in the rate of magnetic variations was observed from 10:00 to 14:00 GMT during which a fall in the earthquake rate was observed. We can rule out that the displacement of the sensors is the cause of these observed magnetic changes, since the monitoring sites have low magnetic gradient (2-3 nT/m at the sensor height of 4 m) and the recorded ground uplift does not exceed 0.1 m. After the seismic swarm ended, no further magnetic variations were detected at all stations.
Magnetic interpretation
A preliminary interpretation of magnetic data can be performed taking into account also evidences from other available geophysical data. The spatio-temporal evolution of seismic events seems to indicate the occurrence of a dike intrusion to a shallow depth ranging between 1500 m b.s.l. and 1500 m a.s.l. in the eastern slope of the NE crater. Changes in the local magnetic field are also in correspondence of tilt variations at PDN, where a change of about 100 μrad is observed since 09:00 GMT . The magnetic changes could have resulted from stress redistribution due to magmatic intrusion. In these cases, the piezomagnetic effect is the primary mechanism that could justify the amplitude, the extent and the time-scale of the magnetic changes. The magnetic field changes might also be expected as a result of electrokinetic effects generated by fluid flow. However, to explain the observed rapid changes in terms of electrokinetics would require rapid and intense fluid flow. Thus, even if the electrokinetic mechanism cannot be ignored, we favor a more straightforward explanation in terms of the piezomagnetic effect. Therefore, we apply the formulation of Utsugi et al. [2000] for estimating the expected piezomagnetic field 6 at the ground surface (Fig. 3) . Model parameters were also constrained by the hypocentral location of the recorded seismic events.
The values of the parameters of the magneto-elastic medium used in these calculations are shown in Table I . The rock magnetization was calculated from surface samples near the various magnetometer sites .
The Lame's constant were set up to λ = μ = 30 GPa giving a Poisson's ratio of 0.25, a reasonable approximation to the values estimated in the upper crust on Mt Etna. Fig. 3 shows the calculated anomaly from the piezomagnetic model. Predicted values at the magnetometer sites provide a reasonable fit to the observed data.
This piezomagnetic model displays a response to a tensile mechanism coherent with an intrusion crossing the volcano edifice along a ca. NNW-SSE direction in the northern flank. The estimated intrusive dike, which explains the observed magnetic data, engenders a deformation pattern [Okada, 1992] that well fits the ground deformation ( Fig. 3) recorded by the continuous GPS network operating on Mt Etna .
We disregard the eruptive fracture opened at the base of the SE crater. It would give only a minimal contribution to the piezomagnetic changes (few sub-nanoteslas) at the stations on the northern flank of the volcano, since it was quite shallow and located rather far away from the stations ( of magma which had resided in the shallow central conduit system [Burton et al., 2005] . Similarly to recent past activity, the opening of the eruptive fissure in the Valle del Bove was not accompanied by seismic events. Moreover, GPS data showed only a significant deformation pattern related to the northern intrusion .
Therefore, it is reasonable to hypothesize that the eruptive activity from this fracture did not engender high stress field, probably thanks to the increasingly fractured nature of this area [Bonaccorso et al., 2006] , and hence no related piezomagnetic changes are expected. As a result, we associated the significant magnetic changes only to the northward propagation of the magmatic intrusion. Further evidence supporting this hypothesis is the presence of rapid coseismic magnetic changes clearly identified on the northern flank in correspondence of 4 most energetic seismic events (Fig. 4) .
Step- 
Discussions and conclusion
The spatio-temporal evolution of magnetic variations has enabled to understand the mechanism of the volcanic activity resumed on 13 (Fig. 2) . High stress field changes are expected at the dike-tip during its propagation. Numerical models indicate that a dike propagating through the crust under significant magmatic overpressure can exert very high stress fields rising between 10-100 MPa . The significant piezomagnetic changes at PDG confirm a very high stress gradient field at depth around the dike-tip as magma pressure builds in the fracture zone until rupture occurs and the fracture propagates [Currenti et al., 2007] . After 14:00 GMT no further magnetic variations were observed, and geomagnetic total intensity at all stations turned almost flat at a new level, suggesting that intrusion stopped and the stress field released. It is worth noting that, on 13 th May no significant changes were observed at DGL station, which is located at the altitude of 2600 m, at about 2 km from PDG station, therefore dike did not propagate farther the PDG station and stopped before reaching the North-East
Rift. Discrete gravity measurements carried out on 14 th May along the North-East Rift did not show significant variations supporting that no new mass was here injected [Budetta et al., 2008] .
Summing up, magnetic data allow to describe the most likely scenario occurred during the eruption. At around 9:00 GMT on 13 th May magma was rapidly injected from the central conduit and laterally propagated along the northern flank for about 2 km producing a NNW-SSE fracture field, 800 m wide. Intrusion stopped at 14:00
GMT before reaching the North-East Rift structures and no lava emission occurred.
The effusive activity from fissures in the Valle del Bove could have drained magma reducing the magma pressure of the northern intrusion.
Successively, no significant variations in all the monitored geophysical parameters were detected [Patanè, 2008; Puglisi et al., 2008] 
